The natural history of type 2 diabetes includes a preceding period of impaired fasting glucose or impaired glucose tolerance which is referred to as prediabetes. During the asymptomatic phase of prediabetes, an estimated 20-30% of persons may develop complications like retinopathy, cardiovascular disease, neuropathy and nephropathy. Screening and lifestyle management may help to delay or arrest progression to diabetes. In primary care settings, point of care devices that measure glucose in capillary blood can be used for diagnosis of diabetes. This study was carried out to evaluate the performance of fasting capillary glucose (FCG) and fasting plasma glucose (FPG) measurement in screening for diabetes and prediabetes among adults in a semi-urban community in the Kathmandu district of Nepal. An observational, cross-sectional study design was used and FCG, FPG performance was evaluated by the 2-hour plasma glucose levels (2-hr PG) following Oral glucose tolerance test (75g glucose) using WHO 1998 criteria. Linear regression was performed to assess correlation coefficient (r) between FPG, FCG and 2 hr PG. Bland Altman plot and Receiver operator characteristic (ROC) curves were constructed to assess concordance, measure ROC AUC and determine sensitivity and specificity of the measurements at recommended cut-off values for identifying diabetes and prediabetes. Among the study participants (n=162), 104 were female and 58 were male. Prevalence of undiagnosed diabetes and prediabetes was 4.32% (95% CI 1.75% to 8.70%) and 7.14% (95% CI 3.89% to 12.58%). Strong positive correlation was seen between FPG and FCG (Spearman's r 0.67). FPG & FCG had a moderate positive correlation (r = 0.49 & 0.45) with 2 hr PG levels (p<0.0001). FCG and FPG ROC AUC was 0.91 (95% CI 0.85 to 0.97) and 0.87 (95% CI 0.78 to 0.97) in comparison to 0.98 (95% CI 0.97 to 1.0) for the gold standard 2 hr PG. At 110 mg/dl and above, FCG had an optimal sensitivity and specificity of 84.21% and 81.12% in comparison to 47.37% and 100% for FPG. At 100 mg/dl, the sensitivity and specificity of FCG was 100% and 51.75% in comparison to 57.89% and 97.20% for FPG. In conclusion, at each recommended cut-off value, FCG was more sensitive than FPG with no significant difference between ROC AUCs of the two tests. Hence, FCG may be a suitable, sensitive, and convenient screening tool for diabetes and prediabetes in community-based settings. Larger prospective studies may validate the cost-effectiveness and efficiency of similar screening strategies in the Nepalese community
Introduction
Type 2 diabetes (T2D) is a chronic metabolic disorder with raised blood glucose levels due to a defect in the secretion of insulin and insulin resistance. The natural history of T2D includes a preceding period of impaired glucose tolerance (IGT) or impaired fasting glucose (IFG). This intermediate stage between normal blood glucose levels and diabetes is referred to as prediabetes. 1 They represent persons who are at risk of developing diabetes in the future. Annual estimates suggest that about 5 to 12% of persons with impaired glucose regulation have progressed to T2D. Due to the gradual asymptomatic onset, T2D may remain undiagnosed for years. 2 Population based data among adults in high income countries such as Australia and USA suggested that the onset of diabetes may precede clinical diagnosis by 9 to 12 years. 3 During the asymptomatic phase of prediabetes an estimated 20-30% of persons may develop complications like retinopathy, cardiovascular disease, neuropathy and nephropathy. Screening for prediabetes along with lifestyle management may help to delay or arrest progression to diabetes. 4 Global data on persons with diabetes (PWDs) suggests that about a half remain undiagnosed. An overwhelming 80% of the PWDs are believed to live in low and middle income countries (LMICs). 5 Measurement of blood glucose levels is crucial in the early detection of diabetes and prediabetes. Glucose can be measured as venous plasma or capillary whole blood. Diagnostic criteria have provided equivalence estimates for the two methods. The World Health Organization (WHO), International Diabetes Federation (IDF) and American Diabetes Association (ADA) have recommended that the fasting plasma glucose (FPG), a 2-hour plasma glucose (2 hr PG) after oral glucose tolerance test (OGTT) using 75g glucose and glycated haemoglobin (HbA1c) are appropriate diagnostic tests for diabetes. While the cut-offs for detecting diabetes is similar across the guidelines, the ADA has lowered the cut-off for IFG from 110 mg/dl to 100 mg/dl for the American population. 6, 7 The same diagnostic tests have been used to screen and identify persons with undiagnosed diabetes and prediabetes. In comparison with the recommended FPG and HbA1c cut-off values, the 2 hr PG value has been found to identify more persons with diabetes. The concordance between FPG, 2hr PG and HbA1c measurements is not perfect and these tests may not detect diabetes in the same individual. 7 The 2016 WHO global report on diabetes suggested that among the LMICs, only 1 in 3 have access to basic technologies which can help to diagnose and manage persons with diabetes. In primary care settings where laboratory analysis of venous plasma glucose is difficult, point of care devices that measure glucose in capillary blood and meet ISO standards can be used for diagnosis of diabetes. 8 The choice of screening tests varies with the resource settings. FPG, OGTT and are more commonly used in high resource settings. 9 In the community setting, fasting capillary glucose (FCG), random capillary blood glucose (RCBG) and urine glucose testing may provide a good compromise between accuracy and cost effectiveness. 10 Blood glucose meters are easy to use and inexpensive. However, they have a limited analytical measurement and can be inaccurate at the low and high blood glucose range.
The
International Organization for Standardization (ISO:15197:2013) recommends that 95% of glucose meter results should be within ±15 mg/dl when laboratory glucose values are <100 mg/dl; and the acceptable error should be within ± 20% for laboratory values ≥100 mg/ dl. However, ADA guidelines recommend an analytical error of ≤5% for all values. 11, 12 An assessment of the actual performance of 'approved glucose meters' in real life settings showed that a sizable proportion do not yield the specified readings. 13 A systematic review has reported an increasing burden of diabetes in Nepal an LMIC, with a pooled prevalence of 8.4% among urban and rural populations. A higher prevalence of diabetes in urban populations may necessitate strategies for early screening. 14 The Indian Diabetes Risk Score (IDRS) was developed as a simple, valid and easy to administer screening tool to detect diabetes and prediabetes among the South Indian population. It is comprised of four scored questions regarding age, abdominal obesity as measured by the waist circumference, family history of diabetes and physical activity levels. 15 During a study that was planned to assess the performance of the IDRS as a screening tool among an adult population in a semi-urban setting in the Kathmandu district, Nepal, 16 the performance of FCG was evaluated in comparison with FPG measurement in screening for diabetes and prediabetes. The concordance between FCG, FPG and 2 hr PG measurements was also assessed.
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Materials and Methods
A community-based cross-sectional, observational and analytical study was carried out in the Budhanilkantha municipality in Kathmandu District from September 2017 to May 2018.
Assuming a baseline prevalence of diabetes in Nepal of 8.4% as an equivalent proportion of undiagnosed diabetes, a 5.0% margin of error and a non-response rate of 20.0%, the minimum sample size was calculated to be 142 adults who were not previously diagnosed with diabetes.
For evaluating the performance of FCG and FPG, all of the study participants were invited for an OGTT using 75g of glucose (WHO 1998 criteria) for definitive testing.
Sampling technique: Using a simple random sampling technique, 260 households were selected for a family survey from an estimated 600 households in the study area. Data collection was carried out in a step wise manner in order to increase the response rate for screening for diabetes and acquire the number needed to undertake definitive testing. 17
Step 1: Adults over 20 years of age who were present in the household and not pregnant at the time of the survey were interviewed using a pretested structured questionnaire (modified STEPS survey) and IDRS screening tool after obtaining due written consent by trained UG medical students supervised by faculty from the department of Community Medicine. 18
Step 2: Physical measurement of height, weight, waist circumference and hip circumference was carried out at the household level as a part of the family study assessment.
Step 3: All of the study participants were invited to undergo an OGTT using 75g of glucose as recommended by the WHO guidelines. 1
Step 4: Estimation of the fasting capillary glucose (FCG) levels was offered to all the participants using a glucometer during a screening camp organized over 7 days in the community. Faculty from the departments of Community Medicine and Biochemistry conducted the screening camp along with the co-operation of community leaders and representatives, screened households and UG medical students. The volunteers were advised to consume the last meal by 8 pm so that they were fasting for a minimum of 10 hours at the time of the testing. FPG was collected after the FCG estimation and 2 hr PG samples were collected after the OGTT. Two similar glucometers were used throughout the screening period.
The camp began at 6:45 am in the morning at a predetermined venue in the community considering the convenience of the volunteers. FCG and fasting blood samples were collected by 8 a.m. and all the 2-hour OGTT samples were collected by 10 a.m. The volunteers were advised to rest and refrain from strenuous activities during the testing period and to report any adverse effects following glucose administration.
Principle of FCG estimation with glucometer:
The VivaChek Ino Blood Glucose Monitoring System is designed to quantitatively measure the glucose concentration in fresh capillary whole blood. The glucose measurement is achieved by using the amperometric detection method. The test is based on measurement of electrical current caused by the reaction of the glucose with the reagents on the electrode of the test strip.
The blood sample is pulled into the tip of the test strip through capillary action. Glucose in the sample reacts with glucose enzyme and the mediator. Electrons are generated, producing a current that is correlated to the glucose concentration in the sample. After the reaction time, the glucose concentration in the sample is displayed. The meter is calibrated to display plasma-like concentration results.
Oral Glucose Tolerance Test:
A fasting sample of venous blood was collected in a fluoride containing tube. The volunteers were given 75 grams of glucose dissolved in water (about 250-300 ml). The time of oral glucose administration was noted. Another venous blood sample was collected in a fluoride containing tube after 2 hours of glucose loading.
Collected venous blood samples were stored in a lab specimen transport bag and kept protected from direct sunlight. All specimens collected were delivered to the laboratory within 4 hours of collection for the separation of plasma from the cells. The samples were centrifuged at 3000 rpm for 15 minutes and were estimated for plasma glucose by autoanalyzer (Johnson & Johnson Vitros 250, USA) in using glucose oxidase method in the NMCTH laboratory.
Using the WHO 1999 consulting group criteria, diabetes was defined as FPG ≥ 126 mg/dl or 2hr PG ≥ 200 mg/dl. Prediabetes was defined as two categories, IFG as FPG ≥ 110 and < 126 mg/dl with 2hr PG < 140 mg/dl. IGT, the second category in prediabetes was defined as FPG < 126 mg/dl and 2hr PG ≥ 140 and < 200 mg/dl. Prediabetes and diabetes were collectively labelled as 'Raised blood glucose'. Normoglycemia was defined as FPG < 110 mg/dl and 2hr PG < 140 mg/dl. 19, 1 Persons with previously diagnosed diabetes during the screening period were labelled as 'known diabetes'.
A total of 306 persons were screened during the study period. Fifty persons were found to be previously diagnosed cases of diabetes. The study participants without diabetes (n= 256) were invited to undergo an OGTT. One hundred and sixty-two participants (63.28%) responded to our invitation. One hundred and fiftynine participants underwent the OGTT. Three participants were tested for plasma glucose levels after a meal (post prandial) as they either vomited or were unable to drink the glucose solution. 16 Data Analysis: Collected data was entered into forms designed in EPI-INFO version 7.2 and data was analysed using Stata 15IC licensed software.
The prevalence rate of undiagnosed diabetes and prediabetes (raised blood glucose) was reported with 95% confidence intervals. Association between categorical data and gender was analysed using the Chi-square test. FCG, FPG, 2hr PG were reported as the median with interquartile range and graphically represented by boxplot grouped by gender. Normally distributed quantitative variables were reported as means with standard deviation.
To evaluate the performance of the screening tests, linear regression analysis was carried out between FPG and FCG measurements and between FPG and 2 hr PG; and between FCG and 2 hr PG to obtain the correlation co-efficient (r) and coefficient of determination (r 2 ). As the distribution of measurements was non-normal, the Spearman r value was reported.
Further, a Bland Altman (BA) plot was constructed as a visual tool to assess concordance between FCG and FPG measurements. The mean value of FPG and FCG measurements were plotted on the x-axis and difference between the two measurements was plotted on the y-axis. As the distribution was non-normal, the median of all differences was plotted as a solid horizontal line and two additional dotted horizontal lines were plotted at the 2.5 and 97.5 percentile of the differences to indicate the limits of agreement. The median line indicated the systematic deviation between the two measurements. If 95% of the differences lie between the limits of the agreement, concordance between the measurements was assumed. 20 FCG and plasma glucose concentration levels: Receiver operator characteristic (ROC) curves were constructed to determine the sensitivity and specificity of FCG and FPG at the recommended cut-off values for identifying diabetes and prediabetes. The area under the ROC curve (ROC AUC) for FCG and FPG was reported with 95% CI in comparison to the gold standard 2-hour PG. A non-parametric test was used to compare the equality of the FCG and FPG ROC AUC.
Ethical clearance for the study was obtained from the Nepal Medical College Institutional Review Committee.
Results
Among the study participants (n=162), 104 were female and 58 were male. The baseline characteristics categorized by gender were shown in Table 1 . Educational status, occupation, abdominal obesity, alcohol use and smoking status were found to be significantly associated with gender (p < 0.05). More women had no formal schooling as compared to men. Alcohol use and smoking rate was higher among men.
The mean age and waist circumference were significantly higher among the men, though abdominal obesity was more prevalent among the women (p < 0.05), ( Table 1 & 2) . There was no significant difference in the median levels of FCG, FPG and 2 hr PG amongst the sexes, (Table 3 ), (Fig. 1) .
The prevalence of undiagnosed diabetes was 4.32% (95% CI 1.75% to 8.70%) and that of prediabetes was 7.14% (95% CI 3.89% to 12.58%). The overall prevalence of persons with 'raised blood glucose' was 11.73% (95% CI 5.64% to 21.28%). All of the persons with prediabetes (n=12) had IGT. Among them, three persons also had FPG between 110 to 125 mg/dl. No person with isolated IFG was found. There was no significant association between gender and glycaemic status ( Table 4 ).
The BA plot depicted a median difference of 24 mg/dl between FPG and FCG measurements. The limits of agreement were 17 units above and 20.95 units below the median (Fig. 2) .
Linear regression analyses between the glycaemic measurements was shown in Table 5 . A strong positive correlation was seen between FPG and FCG with a Spearman's correlation coefficient (r) of 0.67. Both of the measurements had a moderate positive correlation with the 2 hr PG levels (r = 0.49 and 0.45 respectively) (p<0.0001).
The FCG ROC AUC was 0.91 (95% CI 0.85 to 0.97) as compared to 0.87 (95% CI 0.78 to 0.97) for FPG and 0.98 (95% CI 0.97 to 1.0) for the gold standard 2 hr PG for the identification of persons with raised blood glucose. There was no significant difference between the ROC AUC of FCG and FPG (p = 0.40), (Fig. 3) , (Table 6 ). (Table 7 ).
Discussion
Undiagnosed diabetes and prediabetes appear to be a significant morbidity in this semi-urban community. Though low educational level and abdominal obesity was more prevalent among the women, an association between gender and glycaemic status was not evident. However, a systematic review in Nepal has suggested that women may be at a higher risk of diabetes due to their low educational status. There appears to be a need for gender specific studies in diabetes in Nepal. 14 The difference between FCG and FPG values suggested analytical inaccuracy of the glucose meter according to the ISO 15197:2013 guideline. Statistical tools which measure accuracy have a limited meaning to the clinician and persons with diabetes who need to know how close the meter reading is to the true plasma glucose value. Errors can arise during the use of glucose meters, however FCG measurements were found to be clinically accurate as demonstrated by the Clarke error grid in a separate analyses carried out by the investigators. 21, 22 The concordance between FCG and FPG measurements was found to be acceptable with 97% of the readings lying within the limits of agreement on the BA plot. The concordance was further supported by the large correlation coefficient between FCG and FPG measurements. At each recommended cut-off value, FCG was found to be more sensitive than FPG in the identification of persons with RBG. From the public health perspective, FCG may be more suitable for screening in comparison to the more specific and accurate FPG. The optimal cut-off for FCG was 110 mg/dl for screening for both diabetes and prediabetes. If FPG were to be used as a screening tool, then a lower cut-off of 100 mg/dl may be more suitable than the WHO recommended cutoff of 110 mg/dl as the sensitivity increased with the lower value.
Within 95% confidence intervals, FCG was able to identify between 85% to 97% of the persons with raised blood glucose in comparison to 78% to 97% for FPG. As there was no significant difference in the ROC AUC of the two screening tests, FCG may be a convenient and cost-effective tool for detection of prediabetes and diabetes in community based and primary health care settings.
In comparison to the present study findings, a study among 993 adults in the Yunnan province of China reported a higher prevalence of prediabetes and diabetes (14.60% & 5.75%) and a lower optimal FCG cut-off for screening. Concordance between FCG and FPG measurements was high with a Pearson correlation coefficient of 0.75 (p<0.0001). The ROC area under the curve for FCG was 0.88 (95% CI 0.82 to 0.93) in comparison to 0.92 (95% CI 0.88 to 0.97) for FPG. The optimal cut-off for FCG was found to be 101 mg/dl with a sensitivity and specificity of 84.2% and 79.3%. The investigators concluded that there was no significant difference in the performance of FCG and FPG. FCG was deemed to be a convenient and practical screening strategy in low resource settings which concur with the present study findings. 23 Utilizing data from the Qingdao Diabetes prevention study in China, the performance of FCG, FPG, 2 hr PG, HbA1c and a diabetes risk score was evaluated among 4070 persons. The sensitivity, specificity and ROC AUC for FCG was 64.08%, 69.81% and 0.71 in comparison to 60.10%, 100% and 0.89 for FPG. For the DRS, it was 61.50%, 63.72% and 0.67 respectively. Though the sensitivity and specificity of FCG in this large study was lower in comparison to other studies, FCG and DRS were deemed to be suitable tools for screening. 24 In another study among 2332 adults in Qingdao, China, the performance of FCG and glycated Hb was evaluated using 75g OGTT. The prevalence rates of undiagnosed diabetes and prediabetes (11.9% & 29.5%) were higher indicating greater disease burden. For the identification of persons with diabetes, the ROC AUC was 0.77 for FCG and 0.67 for HbA1c for men. For women, it was 0.75 and 0.67. For the identification of prediabetes, the ROC AUC was 0.64 for FCG and 0.47 for HbA1c for men. For women, it was 0.65 and 0.51. FCG performance was found to be better than HbA1c as a screening tool. 25 However, a study carried out among 669 persons from a rural area of Thailand for the screening of T2D alone reported a sensitivity of less than 50% with specificity of over 96% for FCG and FPG at a cut-off of 126 mg/dl in comparison to the reference HbA1c. 26 In 1998, the Diabetes Epidemiology Collaborative analysis of Diagnostic criteria in Europe (DECODE) study had suggested that FPG tended to underestimate the prevalence rate of diabetes and prediabetes. The cut-off for IFG in the DECODE study was 110 mg/dl. 27 The Diabetes mellitus and vascular health initiative, a large screening study in Ireland also reported that FPG as an initial screening test would lead to an underestimation of undiagnosed diabetes. Among 29,144 adults, the prevalence of undiagnosed T2D, IFG and IGT was reported as 1.8%, 7.1% and 2.9% respectively. The study adopted the ADA recommended cut-off of 100 mg/dl for IFG. Lowering the cut-off increased the sensitivity of the FPG which was concurrent with the present study findings. 28 The evaluation of the IDRS in the present study population suggested that it may be a suitable non-invasive screening tool. The cut-off score of 60 and above was found to have a sensitivity and specificity of 84.21% and 55.24% with an accuracy of 58.64%. Within 95% confidence intervals, IDRS was able to identify between 62% to 77% of the persons with raised blood glucose in comparison to 78% to 97% for FPG. 16 Combining the IDRS with FCG estimation may increase the sensitivity and increase the yield during community based screening. 29 Amongst the study participants, a larger proportion of prediabetes was seen in comparison to undiagnosed diabetes. Previous economic evaluations of opportunistic screening tests have suggested that screening for both the conditions (diabetes and prediabetes) may be cost saving from a health perspective. From a societal perspective, a similar screening may be cost neutral. The evaluation found that the cost per case for diabetes and prediabetes screening was lower as compared to screening for diabetes alone. The sensitivity of combined screening was estimated to range from 67-82%. Hence, screening for both diabetes and prediabetes should be considered along with measures for management. 29, 30 A majority of primary prevention studies have been carried out in persons with prediabetes (IGT) across diverse populations. The American Diabetes Prevention Program which was the largest trial for lifestyle interventions included a minimum of 7.0% weight loss, decreased consumption of calories and dietary fat along with 150 minutes of physical activity in a week.
The number needed to treat to prevent 1 case of diabetes was seven for lifestyle interventions and fourteen for Metformin. The risk reduction with lifestyle interventions was significant across all age, ethnicity and BMI categories. There is level 1 evidence that lifestyle interventions can reduce the incidence of diabetes or delay the progression from a state of impaired glucose tolerance to frank diabetes by 50-60%. [31] [32] [33] [34] In our study setting, we suggest that communitybased screening for prediabetes and diabetes may be carried out by risk assessment with of IDRS and estimation of FCG. Persons with an IDRS score of 60 and above or with FCG level of 110 mg/dl and above can be advised to undergo an OGTT with further cardiovascular assessment and management.
Strengths of the study: Recognizing the use of glucometer and capillary sampling in low-and middle-income countries, the study was planned to assess the performance of FCG in a 'real world setting'. The glucometer was calibrated to report plasma concentrations and OGTT testing was carried out for definitive testing following WHO/ IDF guidelines. 1
Limitations: The venous blood samples were collected in a container with glycolytic inhibitors however, plasma separation and laboratory analysis were performed within 4 hours after collection. Though two glucometers were used during the screening camp, within glucometer variation was not studied.
In conclusion, at each recommended cut-off value, FCG was found to be more sensitive than FPG for the identification of persons with diabetes and prediabetes. As there was no significant difference between ROC AUC of the two tests, FCG may be a suitable, sensitive and convenient screening tool in community-based settings in comparison to the more specific and accurate FPG. Larger prospective studies may help to further elucidate the cost-effectiveness and efficacy of a similar screening strategy in the Nepalese community.
